Magnetic resonance imaging (MRI) and clinical examination are tools commonly used in the diagnosis of meniscus tears. It has been suggested routine MRI before therapeutic arthroscopy for clinically diagnosed meniscus tears will reduce the number and cost of unnecessary invasive procedures. We designed a systematic review of prospective cohort studies comparing MRI and clinical examination to arthroscopy to diagnosis meniscus tears. Thirty-two relevant studies were identified by a literature review. Careful evaluation by an experienced examiner identifies patients with surgically treatable meniscus lesions with equal or better reliability than MRI. MRI is superior when indications for arthroscopy are solely diagnostic. However, the methods by which such a clinician arrives at a conclusion have not been identified. To create an evidence-based algorithm for the diagnosis of a meniscus tear future investigations should prospectively assess the value of commonly used aspects of the patient history and meniscus tests. MRI is useful, but should be reserved for situations in which an experienced clinician requires further information before arriving at a diagnosis. Indications for arthroscopy should be therapeutic, not diagnostic in nature.
Although initially thought to be a functionless, vestigial remnant of a leg muscle, the meniscus is now recognized as an integral component of the complex functioning of the knee. 28 Meniscal injury causes acute physical impairment and sets the stage for later arthrosis of the involved knee.
Arthroscopic meniscus repair and partial meniscectomy have become two of the most common orthopaedic procedures performed in the United States. 28 However, the correct diagnosis of a meniscal tear is not always obvious, even for the experienced surgeon. This difficulty persists despite the description of many provocative physical examination maneuvers and advancements in magnetic resonance imaging (MRI) technology.
In an increasingly cost-conscious medical environment, the judicious use of expensive arthroscopic versus MRI technology in the diagnosis of internal derangements of the knee has not been clearly defined. Some clinicians suggest physical examination and clinical meniscus tests, along with a carefully taken history, are the most important and cost-effective means of diagnosing meniscal injury. 47 Others have stated the routine use of MRI before arthroscopy will reduce costs and the incidence of unnecessary invasive procedures. 60 If the findings of history and physical examination are sufficiently predictive, then an additional imaging study may not be necessary before proceeding with a therapeutic arthroscopy. The patient can be saved time and expense. A thorough understanding of the value of specific meniscal tests and historical elements, as well as the strengths and limitations of MRI, will help the clinician delineate these patients and decide an effective course of action. We sought to generate a reproducible evidence-based algorithm for approaching the patient with a suspected meniscus tear, based on such information.
We systematically reviewed the existing Englishlanguage literature to determine whether an MRI study should be routinely ordered before arthroscopy for clinically diagnosed meniscal tears. Our hypothesis was some clinical scenarios are clear enough that ordering an MRI does not add substantial value to the evaluation and will not reduce the incidence of negative arthroscopy, whereas more ambiguous cases warrant additional imaging.
MATERIALS AND METHODS
We performed a PubMed and Cochrane database literature search to identify all English-language studies evaluating the use From the Studies meeting the initial inclusion criteria could be grouped by the nature of their hypothesis. They included studies on whether the routine use of MRI could reduce the number of negative arthroscopies, studies on the statistical performance of specific physical examination maneuvers, or studies specifically on MRI in the correct identification of patients with meniscal tears found on arthroscopy. Given the different nature of each type of study and the varying quality of literature existing for each subtype, slightly different exclusion criteria were applied.
For studies explicitly evaluating the performance of MRI, we required a minimum of 40 patients. The magnetic field strength (Tesla), number of sequences obtained and criteria for a positive diagnosis had to be reported. We required data for total number of tears as well as explicitly stated, or derivable, values for accuracy, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) to be separated for medial and lateral meniscal tears, as statistical performance is variable for each side. Furthermore, any study containing substantial verification bias, which arises if patients are selected to undergo the gold-standard test (arthroscopy) on the basis of the test being evaluated (MRI), was excluded. This is known to overestimate sensitivity and underestimate specificity. 6 Eight studies were selected. 11, 27, 29, 36, 38, 48, 49, 54 Additional studies explicitly analyzing adolescent or osteoarthritic patients were reviewed separately; there are mentioned in the text, but not included in the tables.
We elected to report on specific physical examination maneuvers we believe are the most commonly known: McMurray's test (knee is maximally flexed, externally rotated and then slowly extended to evaluate the medial meniscus; internal rotation assesses the lateral meniscus; a palpable or audible thud or click is a positive test; some clinicians have added a varus or valgus stress or expanded the isolated recreation of pain to constitute a positive test); Apley's test (the patient is positioned prone with the knee flexed to 90 degrees; the tibia is compressed into the distal femur and rotated externally to assess the medial meniscus and internally rotated to assess the lateral meniscus; if this produces pain, which is less severe or relieved when the maneuver We also found well-conducted studies reporting on the Ege's squat test (the patient starts in a standing position, squats with both lower legs in maximum external rotation, and then stands up slowly; to assess the lateral meniscus, the squat is repeated with the lower legs maximally internally rotated; a complete squat in full internal rotation is rarely possible, even for healthy knees, therefore the patient is allowed to steady themselves for a slightly less than full squat; 2 Ege's test is positive when pain and/or a click are felt by the patient; in some cases, there may be a block to flexion); and the Thessaly test (patient is instructed to stand on affected foot; the examiner supports the patient by holding his or her outstretched hands while the patient rotates his or her knee and body internally and externally three times with the knee in variable degrees of flexion; medial or lateral joint line discomfort or a sense of locking or catching constitutes a positive test); these were included as well. Studies had to be a prospective cohort investigation of at least 40 consecutive patients with a universally applied gold standard for inclusion. Six such references were included. 2, 14, 21, 23, 25, 33 Papers investigating the possible role of MRI to reduce the number of negative arthroscopies had to be prospective in nature and include at least 40 consecutive patients. Studies that blindly used MRI results to definitively exclude patients from arthroscopy were excluded. The results of arthroscopy for patients with a clinical diagnosis of a meniscal tear had to be reported and compared with those from patients who had MRI. Twelve are summarized in table format. 9, 10, 20, 22, 26, 34, [42] [43] [44] 50, 56, 60 Once the exclusion criteria had been applied, the "related articles" feature of PubMed was used for each of the 21 remaining sources to identify further publications not found in the initial search. This generated a large number of references for each article; therefore, we reviewed the first 60 selections for relevant titles. Additional sources were identified from the references of the articles we selected. All of these studies were put through the same exclusion process described earlier. After application of the exclusion criteria, 11 additional sources-for a total of 32-were included. All conclusions for this systematic review are based on these 32 selections. Twenty-six of these are summarized in table format. The remaining six dealt primarily with adolescents, patients with osteoarthritis, features of clinical history, or the postoperative patient. 1, 4, 7, 19, 37, 59 They are commented upon in the text.
RESULTS
Studies investigating whether routine MRI could reduce the incidence of negative arthroscopy, compared to proceeding with arthroscopy based solely upon history and clinical examination, were split with regard to their conclusions (Tables 1, 2 ). It is clear from these studies that varying criteria for clinically diagnosing a meniscus tear is 
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a major influence on the validity of history and physical examination when compared to MRI. Studies supporting routine MRI often did not specify the positive or negative elements used to formulate a clinical diagnosis, or who made that determination. 10, 20, 44, 56, 60 In contrast, those whose conclusions deemed routine MRI unnecessary reported diagnoses made by careful examination by an experienced orthopaedist. 9, 22, 26, 34, 42, 43, 50 This presumed experienced examiner coauthored many of these studies, which introduces bias to the results. In a study that did not contain such bias, Bryan et al 10 demonstrated that a senior examiner was more reliable than a relatively inexperienced one in making a correct clinical diagnosis, and this was the only report to make such a comparison for general examination.
To better identify which patients might have an uncertain diagnosis and may benefit from MRI, we compiled the highest quality available literature on the statistical performance of clinical meniscal tests (Tables 3-7) . McMurray, Apley, and Thessaly tests at 5°could be considered high specificity but low sensitivity tests. 2, 14, 23, 25, 33 Joint line tenderness tends to be higher in sensitivity but lower in specificity. 2, 21, 25, 33 The only available study evaluating Thessaly's test at 20°of knee flexion found had high sensitivity and specificity. 33 Ege's test is based on the oftenrepeated notion that patients with meniscal tear have pain with or a block to squatting. 2 The authors found it more specific than sensitive, and reported degenerative-type tears pose the greatest diagnostic difficulty.
In clinical practice, several tests are generally performed on one patient. In the only study reporting the results of a combination of tests, Akseki et al 2 found McMurray's test, joint line tenderness, and Ege's test all were negative in 9% of subsequently confirmed meniscus tears. Such data for combined tests are exceedingly rare.
There was a general trend for all clinical tests to decrease their reliability when there was concomitant ligamentous injury. Furthermore, clinical examination in general was less accurate for patients with degenerative lesions compared with young patients with acute injuries. 2, 19 There are no prospective English-literature data on several common meniscal tests often used in the MRI versus clinical examination literature. These include Steinmann, Payr, and Böhler tests. Detection bias in terms of criteria required for a positive test, particularly in the McMurray test, plays a role in disparate results between studies. A lower threshold for a positive test will detect more tears, and thus improve the sensitivity, but likely at the expense of specificity. Selection bias will also influence results of studies, as inclusion varied for patients with concomitant anterior cruciate ligament injury or for older patients in whom there are more numerous likely etiologies, such as arthrosis, causing intraarticular knee pain.
We sought to find prospective cohort studies commenting on historical elements such as feeling a pop during a sudden twist or squat at the time of injury, or the presence of mechanical locking and recurrent effusions. To our knowledge, only two exist in the English-language literature. In a prospective study of 145 patients, Abdon et al 1 found a history of mechanical locking, patient's localization of pain to the joint line, and a decreased ability to participate in sporting activities associated with meniscus tears. Pain at rest, sick leave, and medial patellar tenderness were all negatively correlated with a meniscus tear. 1 Although not the focus of the study, Corea et al 14 reported more than 50% of patients with meniscal tears had mechanical symptoms and recurrent effusions. Currently the clinician must rely primarily on retrospective studies to confirm such stereotypical notions of clinical symptoms and mechanism of injury for meniscal tears. 12, 15, 30, 32, 52 There were more studies evaluating MRI for diagnosing meniscus tears than those of any other type. Therefore, we were able to apply the most stringent exclusion criteria to this group of studies (Table 8 ). The magnetic field strength or number of sequences did not alter the utility of MRI. This is consistent with previous studies not meeting the exclusion criteria which specifically investigated this question. 5 The results of Lundberg et al 38 may stand out in Table  8 as inferior compared to the others. This is the only study that explicitly studied patients with acute injuries, with MRI performed at a mean of 3 days after injury. 38 In this setting, 10 meniscal lesions requiring surgical treatment were missed in 69 patients. These would have been considered patients in whom MRI had prevented "unnecessary" arthroscopy if the study design had included verification bias. Investigations not meeting the exclusion criteria for this review which have reported the outstanding utility of MRI in evaluating the acutely injured or locked knee are plagued by verification bias, as MRI results were exclusively used to determine indications for arthroscopy. 41 A final subgroup of patients worth mentioning is those who have recurrent pain after a previous meniscal repair or partial meniscectomy. High-quality literature focusing on clinical examination in these patients does not exist. We identified four prospective cohort studies comparing conventional MRI to MR arthrography. All patients underwent the gold standard test in two of these investigations. 4, 59 Both of these concluded MR arthrography was a superior imaging method to evaluate the meniscus after a repair, or if there had been greater than 25% resection of the meniscus. Vives et al 59 showed similar reliability of MRI performed with intravenous contrast, which they referred to as indirect arthrography, compared to direct intraarticular contrast arthrography. A meniscus that had been previously operated upon was an exclusion criterion for most studies evaluating clinical examination, giving the clinician no data to guide decisions in these patients other than which imaging study to order.
DISCUSSION
A discussion of the diagnosis of meniscal tears is ultimately a discussion of indications for arthroscopy. One approach to utilization could be simply trying to reduce the absolute number of nontherapeutic invasive procedures, without missing substantial numbers of those that are necessary. Reducing cost is another issue. This could be achieved by avoiding MRI study before arthroscopy when the clinical diagnosis is relatively certain. Or alternatively, minimizing cost by reducing the number of arthroscopies if the routine use of MRI could do so without missing a large number of lesions.
The ability to reliably diagnose meniscal tears and other intraarticular pathologies of the knee by noninvasive MRI makes the concept of routinely proceeding to arthroscopy for purely diagnostic purposes obsolete. However, an experienced examiner can generally identify patients for whom a therapeutic arthroscopy is indicated with efficacy similar to, or better than, MRI. If there is uncertainty in clinical examination, then the additional data gathered from an MRI study may be of use in decision making.
Limitations of our study were dictated by the varying quality of existing literature. Different selection criteria were used for different types of studies. We were able to minimize bias for MRI studies, but clinical examination Limitations of MRI must also be recognized. Most of the clinical studies have been performed in institutions with specialists in musculoskeletal radiology. Some investigations suggest a variation in reliability of reports and images generated from different centers. 24 Others have confirmed the extent of training of interpreting radiologist is an important factor in gaining diagnostic accuracy. 61 However, among those who specialize in musculoskeletal radiology, diagnoses tend to be fairly consistent. 61 Physicians who interpret MRI images must be familiar with the various known specific pitfalls in interpretation of meniscal tears, such as a meniscal flounce, radial tears, or ligament of Wrisberg at the posterior horn of the lateral meniscus. 39, 46, 56, 63 There is also a documented rate of meniscal tears found on MRI imaging of asymptomatic knees. Crues Grade 3 changes have been found in the asymptomatic knees of skeletally mature patients as young as the second decade, including a 13% rate in patients younger than 45 years. 8, 35, 36 The rate increases with age. One study reported horizontal or oblique tears are often found in asymptomatic knees, whereas radial, vertical, complex, or displaced tears are almost exclusively correlated with symptoms. 64 The above findings suggest the importance familiarity with the institution at which MRI is performed, as well as clinical correlation with any positive or negative findings.
The criteria of high-intensity signal contacting the articular surface of the meniscus (Crues Grade 3) is well established to diagnose a meniscal tear on MRI. 16, 18 Explicit criteria for clinical diagnoses are less defined. The literature does not specify the method by which the experienced clinician whose diagnostic ability is equivalent to or better than MRI arrives at a conclusion.
Improving the clinician's ability to clinically diagnose meniscal tears by history and physical examination is paramount to reducing costs, while avoiding unnecessary invasive arthroscopy. Furthermore, many countries have long waiting times for MRI studies, and therapeutic arthroscopy based on reliable clinical examination may allow for more timely treatment of a lesion.
The conclusions we reached in our systematic review agree with those from the metaanalysis by Solomon et al 55 who concluded the composite examination for meniscal injuries of the knee performed much better than specific maneuvers. This suggests a synthesis of examination findings and historical items must be refined for adequate diagnosis. This has been reinforced in the German literature. 31 To perform such a synthesis of information, the clinician must be familiar with the value of each positive or negative finding.
Multiple studies document no single meniscus test provides adequate diagnostic utility in isolation. Furthermore there currently are no English-language data to help the clinician evaluate the importance of positive or negative findings for many commonly used meniscal tests. Future studies should recognize these shortcomings and also account for the fact that a combination of positive and negative findings on physical examination maneuvers is more relevant to the clinician.
Several of the papers comparing clinical examination to MRI specified two or more positive findings of numerous meniscal tests were considered diagnostic. 22, 34, 43, 60 It is uncertain how rigidly this was adhered to by the experienced examiner. We believe at least one of the positive findings must be for one of the numerous tests considered more specific than sensitive. Perhaps there are elements of the clinical history, such as mechanism of injury or mechanical symptoms, which future prospective investigations will find highly specific. Basing decisions on multiple positive, highly sensitive-but not very specific-tests will likely lead to a number of erroneous diagnoses. However, evidence-based data to support this hypothesis are lacking.
Certain situations and patient groups will continue to be challenging in meniscal tear diagnosis. The acutely injured knee is often difficult to examine with the described physical examination tests, and MRI has a reduced performance in this setting. 38 Most of the studies documenting meniscus tests excluded acutely injured knees because the pain decreases the reliability of the examination. 1, 2, 25, 33 The high-level athlete who requires timely decision making is most adversely impacted by the lack of evidence-based direction in this setting.
Although meniscal examination is less reliable in patients with coexisting anterior cruciate ligament injury, it could be argued this is of limited importance because the patient may already have an indication for therapeutic arthroscopy. 50, 53 Furthermore, MRI accuracy also tends to diminish in the presence of concomitant ligamentous derangement. Tears in the meniscal periphery and posterior horn of the lateral meniscus are frequently not identified on imaging. 17, 50, 51 The patient with a suspected degenerative meniscal tear is also a therapeutic challenge. Clinical examination is less reliable in these patients who often have a different, less acute mechanism of injury, and have numerous other possible degenerative causes contributing to their intraarticular knee pain. 19 In one study of patients with symptomatic osteoarthritis of the knee, MRI detected meniscus tears in 91%, whereas asymptomatic age-matched control subjects (mean age, 67 years) had a rate of 76%, making MRI findings difficult to interpret. 7 There is also debate about the value of therapeutic arthroscopy in these patients.
On the other end of the age spectrum, difficulties in MRI interpretation of pediatric and adolescent menisci have been well described. Morphologic changes of intraarticular structures are known to occur during growth and alter their appearance on MRI. Grade 2 and 3 signal is seen in many young patients due to normal hypervascular- 
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Ryzewicz et al ity. 13, 58 In the only prospective cohort study, Luhmann et al 37 demonstrated MRI interpretations did not add value to the clinical diagnosis of an experienced pediatric sports medicine physician and were often grossly misleading. These data are limited by the fact that it was for one clinical examiner who was skilled in the examination of this difficult patient population in whom lesions may present differently than in the typical adult population.
The most enlightening studies for our review were those comparing clinical diagnosis to MRI. The conclusions of these studies could generally be predicted by the description, or lack of description, of how the clinical diagnosis of a meniscus tear was made. A careful examination by a physician experienced in knee evaluation is required for optimal results compared to MRI. However, the generalized application of these results is uncertain. There were few data in terms of specific methodologies to arrive at a clinical conclusion; and there is room for argument regarding who should be considered an experienced examiner.
Likewise, data for specific physical examination maneuvers were available only as isolated tests. This is not how these tests are used in clinical practice where several of them should be performed on a given patient. They are performed in the context of a clinical history, for which almost no prospective data exist. One of our goals was to develop an algorithm for evaluating a patient with a suspected meniscus tear. Given the above limitations, we did not feel we could reasonably generate a specific standardized evidence-based approach.
Other potential reasons to order an MRI before proceeding to therapeutic arthroscopy can be cited. Retrospective studies have suggested MRI is not useful for predicting meniscal repairability. 40, 54 Some clinicians may desire a noninvasive imaging study because of catastrophic, but very rare, incidences of tumors around the knee misdiagnosed as athletic injuries. 45 Our hypothesis is these cases are sufficiently unusual to an experienced examiner upon history and physical examination that an MRI instead of a diagnostic arthroscopy would be indicated. Medico-legal concerns and patient expectations have not been addressed in the literature.
Careful examination by an experienced clinician can generally diagnose meniscus lesions as well or better than MRI. In such cases, a judgment is made to proceed with a therapeutic arthroscopy, rather than one for diagnostic purposes. MRI should be reserved for instances in which the experienced clinician requires additional information before making a decision. The results of the imaging study should be considered in the context of the broader clinical picture.
In the past, diagnostic arthroscopy was commonly used to evaluate the painful knee. However, noninvasive MRI is such a useful adjunct in the evaluation of intraarticular knee disorders that routine diagnostic arthroscopy should be considered obsolete. Arthroscopy should only be undertaken with intention of treating a specific clinical diagnosis.
Further investigations of the statistical value of commonly used meniscus tests, the importance of various combinations of positive and negative examination findings, and of relevant elements of the clinical history are essential for aiding the clinician whose judgment should drive decision making. This will be necessary before any type of evidence-based decision-making algorithm can be created. Such an algorithm must recognize adolescents, patients with osteoarthritis, acutely injured patients, ACLdeficient patients, and a meniscus that had been previously 
